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Abstract 
Ionic Liquids (ILs), a new class of green solvents, have recently been undergoing intensive research on the removal of thiophenic sulfur 
species (e.g., dibenzothiophene) from liquid fuels because of the limitations of the tradition hydrodesulfurization process in removing 
these species. In this work, deep extractive desulfurization of liquid fuels by different ionic liquids are studied and employed as promising 
extractants for the model liquid fuel containing dibenzothiophene (DBT). 1-butyl-3-methylimidazolium chloride [Bmim]Cl was the most 
promising and novel ionic liquid and performed the best among the studied ionic liquids under the same operating conditions. It can 
remove dibenzothiophene from the liquid fuel in the single stage extraction process with the maximum desulfurization efficiency 77.15% 
under mild reaction conditions. It was also found that [Bmim] Cl can be reused without regeneration with considerable extraction 
efficiency. 
Keywords: desulfurization, model liquid fuel, extraction, ionic liquids, green technology. 
Nomenclature 
ILs      Ionic Liquids 
DBT      Dibenzothipohene 
[Bmim]Cl  1-butyl-3-methyimidazolium chloride 
[Bmim]Br  1-butyl-3-methylimidazolium bromide  
[Bmim]BF4  1-butyl-3-methylimidazolium tetrafluoroborate 
[Bmim]BF6  1-butyl-3-methylimidazolium hexafluoroborate 
[Bmim]PF6  1-butyl-3-methylimidazolium hexafluorophosphate 
[Bmim]AlCl4  1-butyl-3-methylimidazolium tetrachloroaluminate   
[Bmim]OSO4-  1-butyl-3-methylimidazolium octyl sulphate 
 [Omim]Cl  1-Octyl-3-methylimidazolium chloride   
 [Emim]Cl  1-ethyl-3-methylimidazolium chloride 
[Emim]Br  1-ethyl-3-methylimidazolium bromide 
1. Introduction  
In recent years considerable attention has been paid to the deep desulfurization of gasoline and liquid fuels as the 
environmental regulations on the sulfur content of fuels are increasingly more stringent [1]. For example, in 2016, the 
maximum sulfur content will be limited to 10-50 ppm, compared with today’s permitted value of 500 ppm in most western 
countries [2]. In India, as per the norms of Central Pollution Control Board, the current value of the total sulfur content in 
liquid fuels is upto 350 ppm which then has to be lowered. Consequently, the deep desulfurization of liquid fuels has 
attracted increased attention in the research community worldwide.  
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In the petroleum industry, low sulfur fuels are often obtained from hydrotreating or hydrocracking processes [3]. It involves 
catalytic processes utilized for desulfurization of transportation fuels through hydroprocessing. The performance of 
conventional hydroprocessing catalysts have been highly effective for the reduction of sulfur levels, further removal of 
residual sulfur from the processed fuels is seen to significantly  increase the cost of hydroprocessing. These processes are 
highly energy intensive and consume large amounts of hydrogen [4]. 
 
 There are many processes for deep-desulfurization of liquid fuel, such as extraction, absorption, azeotropic 
distillation, hydro-desulfurization, catalytic hydro- desulfurization etc. Use of green technology is currently in demand due 
to the environmental concerns. Ionic liquids, termed as green solvents can be used for desulfurization of liquid fuel due to 
its very low vapor pressure and wide range of applications with unique physical and chemical properties. In addition to 
these applications of ionic liquids, it can be found that these solvents are very useful in many other fields. Their ability to be 
recycled without any impact on the environment provides impressive advantage in the present era of environmental concern 
[5]. 
  The potential of ionic liquids has been recognized worldwide. Scientists and engineers have been working on the 
advancement of the preparation and applications of ionic liquid so that it can provide a range of options to industrialists 
looking to minimize the environmental impact of their chemical processes and processing cost. In the petroleum and 
hydrocarbon industries, various solvents have been used, such as ethers, amines, alcohols and other volatile organic 
compounds for applications like extraction, absorption, azeotropic distillation etc. These solvents have their own limitations 
such as environmental issues, recycle ability, etc. These limitations can be overcome by the use of ionic liquids. Thus, ionic 
liquids have been studied for their possible application in relation to green chemical processes [6-12]. 
 Ionic liquids (ILs) are usually composed of heterocyclic organic cations and various anions and have unique 
properties such as non-volatility, non-flammability, and a wide temperature range for liquid phase. The reality is that ILs 
can be liquid at temperatures as low as -96ºC and some are liquid at over 4000C. Furthermore, room-temperature ionic 
liquids (RTILs) are frequently colourless, fluid, and easy to handle. In the patent and academic literature, the term "ionic 
liquids" now refers to liquids composed entirely of ions that are fluid around or below 100ºC [13-16] 
 In this work, the extraction properties of different ionic liquids such as 1-butyl-3-methylimidazolium chloride 
[Bmim]Cl, 1-butyl-3-methylimidazolium bromide [Bmim]Br, 1-butyl-3-methylimidazolium tetrafluoroborate [Bmim]BF4, 
1-butyl-3-methylimidazolium hexafluoroborate [Bmim]BF6, 1-butyl-3-methylimidazolium hexafluorophosphate 
[Bmim]PF6, 1-butyl-3-methylimidazolium tetrachloroaluminate  [Bmim]AlCl4, 1-butyl-3-methylimidazolium octyl sulphate 
[Bmim]OSO4-, 1-Octyl-3-methylimidazolium chloride  [Omim]Cl, 1-ethyl-3-methylimidazolium chloride [Emim]Cl, 1-
ethyl-3-methylimidazolium chloride [Emim]Br were used, and their sulfur removal abilities was studied. By experimental 
analysis we investigate that [bmim]Cl was a novel kind of extractant for the sulfur removal in comparison with the other 
ionic liquids in the removal of dibenzothiophene within a  single stage extraction. It was found that the sulfur level of the 
model liquid fuel can be lowered from 1000 ppm to below 230 ppm in a single stage extraction process. The used ionic 
liquid can be reused without regeneration with considerable extraction efficiency.  
 
2. Experimental 
 
2.1. Materials and Reagents 
 
All Solvents and chemicals in the experiment were commercially available and used without further purification. n-
dodecane (C12H26) (Acros organics, 99% CAS 112-40-3, USA), Dibenzothiophene (C12H8S) (Acros organics, 98% CAS 
132-65-0, USA), Ethyl Acetate (C4H8O2) (SDFCL, min 99.5%, Product Code: 20108-L25), [Bmim]Cl (Acros organics, min 
98+%, Code: 35409100, CAS 997-90-1), [Bmim]Br (Acros organics, min 99+%,CAS 85100-77-2), [Bmim]BF4 (Acros 
organics, min 99+%,CAS 174501-65-6), [Bmim]BF6 (Acros organics, min 99+%,CAS 174501-65-8), [Bmim]PF6 (Acros 
organics, min 99+%,CAS 174501-64-5), [Bmim]AlCl4  (Acros organics, min 99+%, CAS 957-90-5), [Bmim]OSO4- (Acros 
organics, min 99+% CAS 445473-58-5), [Omim]Cl (Acros organics, min 99+%, CAS 445473-58-6), [Emim]Cl (Himedia, 
min 97+%, CAS 65039-09-0), [Emim]Br (Himedia, min 99+%, CAS 65039-08-9). 
 
2.2. Preparation of Model Fuel. 
 
Dibenzothiophene (98%) was dissolved in a solvent of n-dodecane. The sulfur content of model liquid fuel containing 
dibenzothiphene was 1000ppm. 
 
2.3. Extractive desulfurization of the model liquid fuel  
 
The desulfurization experiments were carried out in a homemade 100 ml two-necked flask. Extraction experiment was 
performed by mixing 10 ml of model oil and some amount IL; (the mass ratio between model fuel: ionic liquid is 5:1) 
stirred vigorously at 30Ԩ in a water bath for 30 minutes. Then the upper phase (model fuel) was withdrawn and analyzed by 
with an uncertainty of ± 1 ppm Thermo Scientific ECS 3000 Total sulfur analyzer with micro coulometer detector. The 
carrier gas was Argon or Helium (99.998%) technical grade with a gas pressure 1-3 bar (14-45 psig) at ambient temperature 
(15 – 35 0C). The injection volume was 2 μl and furnace temperature was 1250 0C maximum for lower sulfur content 
mixtures. 
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2.4. Sulfur Content Analysis  
 
After the reaction was completed, the upper phase (model fuel) was withdrawn at room temperature and analyzed with an 
uncertainty of ± 1 ppm Thermo Scientific ECS 3000 Total sulfur analyzer with micro coulometer detector was used to 
determine the concentration of dibenzothiophene remained in the model fuels before and after desulfurization. The carrier 
gas was Argon or Helium (99.998%) technical grade with a gas pressure 1-3 bar (14-45 psig) at ambient temperature (15 – 
35 0C). The injection volume was 2 μl and furnace temperature was 1250 0C maximum for lower sulfur content mixtures. 
 
 3. Results and Discussion  
  
 The extraction capacity of different ionic liquids towards sulfur containing in dibenzothiophene in n-dodecane 
were tested. 
 
3.1. Desulfurization of the Model Fuel (DBT in n-dodecane) with Various Ionic Liquids.  
 
In a first set of experiments, the desulfurization of a model fuel obtained by dissolving 1000 ppm dibenzothiophene (DBT) 
in n-dodecane using different ionic liquids was investigated. For the extraction experiments, the different ionic liquids were 
added to an excess of model fuels in a mass ratio 5/1. The ionic liquids formed a biphasic system when the model liquid 
fuels was at room temperature, in which the model liquid fuel phase was the top layer and the ionic liquids  were at  the 
bottom layer. When the extraction completed the top layer was withdrawn and analyzed by Thermo Scientific Total sulfur 
analyzer (ECS 3000) for lower sulfur content mixtures. The ionic liquid based on the chloride showed the better extraction 
capacity and it was found that the extraction process went on quickly and it could reach the extraction equilibrium in little 
time. The results of experiments on the selective extraction of dibenzothiophene (DBT) from model fuel using Lewis acid 
ionic liquids are given in Table 1.  
 
Table 1. Extraction for n-dodecane in dibenzothiophene (DBT) With Different Ionic Liquids 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Then % removal of sulfur can be calculated by the following equation. 
  
Sulfur removal efficiency = S0 – Sf     X 100 %  
                              S0 
Where S0 is the initial sulfur content and Sf   is the final sulfur content after extraction process [17]. 
 
Table 1 shows the [Bmim]Cl performed best out of different studied ionic liquids with the sulfur removal of 
77.15%, and the Sulfur removal of  [Bmim]Br, [Bmim]BF4, [Bmim]BF6, [Bmim]AlCl4, [Bmim]OSO4-, [Omim]Cl, 
[Emim]Cl and [Emim]Br
  
were 68.7, 69.3, 70.1, 68.1, 67.4, 68.3, 67.9, 65.9, 61.5% respectively. This experiment clearly 
demonstrates that the extraction ability of [Bmim]Cl is suitable in comparison with the other ionic liquids. It was also found 
that the extraction process went on quickly, and it could reach extraction equilibrium in little time. (Say 30 minutes).The 
structure and size of both cations and anions in ionic liquids have a strong impact on their extractive performance.18 The 
similar results was reported by A. Bosmann (2001) among the three ionic liquids, [bmim]Cl/Alcl3 with desulfurization of 
45% represent better extraction ability than the other [Emim]Cl two different chloroaluminate melts suggest a certain 
influence of the ionic liquids cation as for [bmim]+ cation containing Lewis acidic ionic liquids , the desulfurization 
efficiency of different anions expressed different extraction ability. [Bmim]Cl ionic liquid showed higher extractive ability 
than the other ionic liquids [18] and also found that [Bmim]Cl is less viscous than other ionic liquids. Based on the above 
analysis, [Bmim]Cl is regard as a promising extractive solvent  in Extractive deep-desulfurization for removing 
dibenzothiophene (DBT). 
 
3.2. Reusability of used 1-butyl-3-methylimidazolium Chloride without regeneration. 
 
In order to examine the reusability of the ionic liquid, the used 1-butyl-3-methylimidazolium chloride was studied. [Table 2]  
Shows the desulfurization efficiency of [Bmim]Cl in model fuel (n-dodecane +DBT) which was reused for three times 
Entry Ionic Liquids Sulfur Removal (%) 
 
1 
 
[Bmim]Cl 
 
77.15 
2 [Bmim]Br 68.7 
3 [Bmim]BF4 69.3 
4 [Bmim]BF6 70.1 
5 [Bmim]PF6 68.1 
6 [Bmim]AlCl4 67.4 
7 [Bmim]OSO4- 68.3 
8 [Omim]Cl 67.9 
9 [Emim]Cl 65.9 
10 [Emim]Br 61.5 
Single Stage Extraction; Mass ratio model fuels/Ionic liquid = 5/1; 
Extraction time (t) = 30 min; Temperature (T) =300C; Initial Sulfur 
Concentration = 1000ppm.
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without regeneration. The used ionic liquid was able to extract dibenzothiophene from model fuel even without 
regeneration, however, at a lower effeicency.  
 
Table 2. Sulfur Removal of [Bmim]Cl which was reused for three times in Model Fuel (n- Dodecane + DBT). 
 
 
  
 
 
 
 
 
 
4. Conclusion  
 
 In this work, 1-butyl-3-methylimidazolium Chloride [Bmim]Cl and different ionic liquids were screened for its 
desulfurization efficiency, and found that 1-butyl-3-methylimidizolium chloride [Bmim]Cl can be used as good kind of 
novel extractant for desulfurization of model liquid fuel, and it exhibits a better extractive performance for 
dibenzothiophene. The desulfurization of [Bmim]Cl was the most effective among different ionic liquids and  sulfur 
removal of dibenzothiophene containing model liquid fuel was 77.15% with single stage extraction process at 300C in 30 
minutes. It was shown that Cl based ionic liquid performance a promising extraction power for DBT of model fuel. The 
used ionic liquid was able to extract DBT from model fuel even without regeneration, however, at a lower effeicency. 
Furthermore, Cl based ionic liquid system shows considerable promise for providing a technology to meet future needs for 
low sulfur diesel. Ionic liquids with physical and chemical properties can replace traditional organic solvents, used in 
synthesis, separation and other chemical areas, so the environment pollution and risk will be reduced. With the improvement 
of environmental requirements, green chemistry will develop faster and faster.  
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Model Fuel Ionic Liquid Used No. of  Run Initial Sulfur 
Content (ppm) 
Sulfur removal % 
(N-Dodecane + 
DBT). 
 
[Bmim]Cl I 
II 
III 
 
1000 
 
77.15 
58.16 
44.31 
Single Stage Extraction; Mass ratio model fuels/Ionic liquid = 5/1; Extraction time (t) = 30 min; Temperature (T) 
=300C; Initial Sulfur Concentration = 1000ppm. 
